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(54) DIGITAL DATA TRANSMISSION APPARATUS 

(57)Abstract: 

PURPOSE: To shorten convergent time for reducing a 
processing amount for equalizing a received signal and 
for obtaining the optimum timing in a digital data 
transmission apparatus that carries out bilateral 
transmission of digital data. 

CONSTITUTION: The digital data transmission apparatus 
is provided with an equalizing section 4 consisting of an 
amplitude variable equalizer 6 and a delay time variable 
equalizer 7, or an equalizing section 4 unifying these 
equalizers, and based on the correlation between a 
discriminate output signal from a discriminate feedback 
type equalizer 5 and an error signal, digital data is 
successively calculated under the tap coefficient update 
control realting to precursor, main cursor, and 
postcursor, a variable coefficient of transfer function is 
obtained, a received signal is equalized, and the optimum 
timing is obtained for equalization. 
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SSSB (LT) 5 2*f»«Snt, ®i»»«Sfi5 2t 
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it/U*-y;Kott«IFmuT, »miira£«<»7 

[00113 

t> 2 ^ y ^© h 7>7;t-i^;V7^ 0 
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(i-z- 1 ) <o;w^x7^^«»au sio/w/t 

* >-fe 5 Ic £ 0 Biai/T»ft» 4 l:X*T5H* t L . 
ZKD«ft«4®fiUttfc Co (C-i + C-i • z"^ 
z' a +C+i • z 3 + C + a • z*) / (1 - a « z" 1 ) £ 
U TWMHRC-i, C-i, Co , Cm. C*2fc^ViT, 

-t*w5n«2^ , y*-y^ f Jdi^u*— y^ f *-r> 

[0 0 2 1] *IJ£»SS!^flS8 5 » 6 CDfS^M^<Dfg» 

tWBAD*iM»2fc*«-6*>^y>y ■ S> 
^£T/m <T = #-l/--h*MtS, m=4«±<0SHfc) 

[0022] xw&WM&m -*i$twt& 7 com 1 :/y ^ 

-y;Hc»*-r*«RC-it-ft«[katc!>58 (C-i- 
k a) ft, ^^MM^itKL, -tOifcttBr*K:*^T 

40 [0 0 2 3] 

[«s« AD«|ft«2lcJ:Da««*W5 f Y^JV»# 

4 fc J: >3 «SS«HMs«ru ^J^^S^I^ftS 5 0 

stc, ^ftug 4 ft«A-r«««nrft«Asa e 
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[0 0 2 4] XSfflBj«^fcg6»eaB8jR&, -Co 

d-d • z- 1 ) tu pJ&^&Co , c-tfcom 

ho.jti =ho.j -f a • ai - a • ei-j 
h-t,i»t=h-i.j+a • aj - 1 • e i - » 
h-j.j*i = h-2 J j+Qf- ai • ej-a 
hfi, ju = hfi,i + a • ai-k-2 ■ e j-i 

fcarrcttf-c**. Mi&vteMwmz^T* (a) 

(d) ai:«kW*§^^«»SCMm^^ 

CO 0 2 5] XiB0»niQX«AA7®«iMR«C-i 
+ C- J -z-Hz' l + C l • z-^U «»C, £££ 

^T, (a) SCfciDjR^S^y^WR&Co tU k 

(d) SCC.fcO^^a^y^WftSrC^i 
U (b) 5SlcJ:0*S*^y^ffiftfc:ftW-9&m*T 
C-ifcU (c) SCfciD^^a^yyWRfcftfJF-^Sr 
#ttTC-2tt^)^t^T#^o ^lt, (a) ~ 
(d) *0*SM2ajWWWK:»lcW*o<J:5KlB 

7i*K^l/ft*Hfc«4fcU J C-0)fi3t§WSCi (C 
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U (b) ate*D****y^«»IC<l«F#*WtT 
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WtTCotU k = l<hbfc (d) iCiCctD^*^ 
y^WCtitU k = 2<bbfc (d) 0 
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«fbff4oe»Hft^ Co (c-i + c-i • 
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we Ma-r * * :/#B0E*Hli»fc «fc »9 \zn\frt 
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(a) - (d) «*fflvvr#** X«R 

[0 0 2 8] XiK3KWS«tt> W3e»aa#<b«5o« 

»>^y>y- **f£>£ffc* T/m^T£bT§l&#. 
2tC^t^it>^U >^ • M^>^@^LT, 

[0 0 2 9] XiIKHpWRrSE*ffc»7eo*17 f U*-y 

;wK»«rr*fl»c-it— a*kat©«t, 

THat*tt*a«teJ;DJt«UT, *n*$rffi««IM 
WTS^CDT, ftlA*fflO)!33»«Se (NT) tefttt* 

[0 0 3 0] 

H2tt**M©*10Sa(S«llO^Ds;^HT? 

»D, Utt2l4«M*ff5/W^Uyl«iail 
(H) , 12»4SH9DWU7^^ (RLF) , 13 

liAD^aiig (a/d) . i4mmx&7<tfr* (w 

SF) , 1 5 «±a«f§. 1 6»M1V*«Y1SS (EQ 
L) , 1 7 «*|filMa4Misa (DFE) , 18ttT3 

(dec) , i 9 \zmMm$-m&%fit& (de 

q) , 2 Ofixn— ^^>ir^ (EC) . 2i}in-^ 

(COD) , 2 2^DA^ (D/A) > 2 3\tSk(S 
U-nX? 4 )V9 (SLF) > 2 4«Jt«» (CM 
P) , 2 5^^, 2 6««KI5§, 2 7«HiSfMB 

(nt) ffiwig2 6CDm*m 

^t»imTHa<>$:Jtttgg2 4frCcfct)ifcSb. +1, 
0. - l(Oi?Di;?I«lT^c t &^n^^«^HISS 

2 1 fc.DAXMS2 2 taien— /1X7-<;V^2 3^^ 
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13, ifi^7^^i4, mm pj^fbs i 
iSM^re^^^i 9, n&m&m^it&i 7, 

[0 0 3 1] £te^r-*£n-*2 1. DA&&2§2 
2, MnwU7^M2 3, ;W7'Jy FElttl 1 

«i:K£*tt»« «^.tffiMW2BlQ«f 
^<Dm^ +3, +1, -1, -30^JUW3fe*tff^ 20 

g (yj -a, ) CDgSISfl^e, **iB*3fta. Zz&, 

ho.iM =ho,j + a • a i - 1 • ej-j 
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17)5^<D+3, +1, -1, -3<Z>$im>'>'fc)\> 
a, fir3-^18f:Mf.n, 2McogfI?-*lc:? 

[0 0 3 2] XftB8*2 6fc«fcD««-»#;Pai 

s 4 #S*i9*»ftS 1 6 X'>&< <ht>SS 

1 9 tJR*WS»2 8 <fcfcini*.&n*. X 

fc£0f^fi-ffs 2£jR«>-5t>G>T* lOMif s2 
teiRSt*£« 2 8 XflXSfffljeffl 2 8 «jr 

>^ • ^ >y£T/m*5*fls£-ti:*»# s 1 £fcti?j 
f 5fca>T&*„ frfc, mtt4EU«)ttU M^.J1 

[0 0 3 3] 5 «H»2 6^£©«^s 

3 , s 4 \z £ o s« i 6 -&ifm&&m pja^ 

o . j i:T5 <h* P?£J (j + 1) O* * ^«Jfth 
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-\ , j *i = h-i . i +• a • aj-i * ej-2 
-j,ju = h-2,i 4-a • a» • e j - 2 

iH>T, »T2T«l«>fiS©fei- l 
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Ha = Co (1 -C*i • z' 1 ) 
fcL, jffig^WW^^bS 1 9 OteMWikH p £ 

Hp = C-t + C-i • z- l + z-' + Ci 

t-r*. ^ct, ci = - c - 1 £*?z>v>tfmm%w*i& 

X (l> *fcJ:5***^y^«j«:ho. i^i £Co £ 
U (4) ^Tk=lCD*^l::©£n**y;^»h 
♦ uti^CtitU (2) ^C<fcD*^^^iy^«»h 50 
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&i7t&* (i) - (4) 7£*m^T*y7mfk<D~£ 

&*ist><Ei-c&s* cnrau BfriB (i) ~~ (4) sc*tg 

?&mM&fr*>x& T/sgaeuL) ir-rn 
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Ha-Hp = Co -C-2 + Co (C-i-C 

+ Co (1 -Cm • C-i) z" a 

+ Co ■ C+i ■ C-i • z" 4 
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Sat, S&2J»fctt£*0> (Co -C-i) EWMC (Co • 
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tt0*/>£<ftS0>S. W£HiS*THp, — THp, T 



- (9) 

- (1 0) 

-fy5 1 2 5^t>tU a£(Z>g£lE<Z)WfliTH 
a£:it*fclS2 4fc«fcDJ*ttU jrDy^Ml^c t 

~?£5\zml&tz>. 

h-i-ka>THa am <fc-*£ + A 
THa>h-i-ka>-THa ^H^T 
-THa>h-i-ka <fr--<fc-A 

So c ziTtt*^**!*, jBi^y*-v;m*^^ 

*«Ki»ViTt>s?jB^nr^sa», **«K:*^Ttt, 
»i^u*-vjMtatjfcrut>*fc*sct*R*uft 
i^t, 2fctfWffi«at««^*i^y*-v;witi:tta' 

[0 0 4 3] XS&^© (4) S0k= 1 fcLfcWfc, 
(6) SC<OC*iO!)«[&*»S»fc««TSiitt9ibT^ 
sa^ 2: (4) ail KMUNMbll 7co^l^ 
9:/4R«*tt«»lC«MLTV»«. X (6) 
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(8) 
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13 



14 



(6) ^Cu i h^-v^^^m 
J:5fcJK#Stt*«Pfc* «SMaW«l7 0JBl* 
BP'S, co»l^y^fl«tt»T 
£££t£?K*t. ft:*, M£»»ffl*{fc« 1 7 <o# 1 * 
£icLT, (6) itcOC*i = 0^-r^:ii: 

Hapl=Co (C-i + d • z"* + z 

(1) aCfc«fcD**e^yy«ftho.i*i * 
£Co ^LTffifflU X (2) SCfcJ: ^« 

(3) D***^^^«»h- i.i*! ^ft«F^*ff 
W-fcfc<D£C-i tU (4) itk=ltbfc©MS 

(4) at?k = 2 tl/&Bfc**5^'y^fi«h + M*i 

fc*3 % (11) 

Xfffttt, (6) , (7) *te»»-6Rl««»i:»3&:S 

co o 4 5] eamfiiTKVflsBa lc^sic* mm 
mum i e ^sB«na^Jx«^« i 9 t*«r&u c 

<, «ttraa«As«i 7co«ipafe^jMT^^, <b 

Hhp=l-r 1 
[0 0 4 7] ]ffii!&<£>«3l^te, /W?0y FBFKl 1 & 

^sjc^-r 

£GSfc0>T. 2 0T-4 0TftfeSa^ViiS© 



o. o, o. s, o. 7 5tafibt. «ie»iaa!*ft; 

§§1 7W»l*y:7fc^TSCfcfc^«T*S. 
[0 0 4 43 H3tt*5BW0)»2«)**«(O^ns;^H 

(APEQL1) . s 514*1 ^U*- 

y;Mc*t>*5 s --i' s6tt»i^J*-v 
«flsa sis, h 2 n*-r«jaK»»&«iB5»EflMfc« 

1 6 £mm&M°jm%fit% I 9 
V, WfilHSHap 1£, 

»■ (1 1) 

ftsi 7o*2^y7 r o«»«-efia**<ae{fcL^:^ 

tt, C + 2 = 0 t>Pjf£T&£. (11) 

M«bSl7 0g3, *4*y:/o«ft*PBI*T*c£ 
feUUST**. XADSMl3l:M^>^U>^ 

H22fetfH3£nH U 3 

2 tt«uaM»tt RTKVftB (APEQL2) , 3 3H7Vf 
/U7^M (HPF) > s 7tt»l^U*— yjwtfc 
G&fr*^-* sift-toft*, s 8 «* l r/u #-yjwt, 

>#-yjWK, si#xh^-ywWMT- 

ftbfey W /ix y 3 3 cDfi^MSfcH hp^ 

- (1 2) 

te, XP^t>t72 0MM3 2^'V^h7> 
XA-^7^Wt, l^CDI (Infin 
ite ImpulseFilter ) tCjatiTfltofeU ¥tt5&f§jSffl 
•fcSl 7lt «IX.tf* 1 6^7^h7>X/WJV 
y>f^t* 1^©I iR7^WtmMm 

0, xn-4 1 ^>ir^2 0c7D^k&cd I iR7^^f^ 
Rfcfto* 5g{ch^>x/\-i?-;i/y>r;v^<D^^y^ct> 

[0 0 4 8] XC©||«0Jfc»1/>T* (12) 5$fcl7jt-r 

eaHft«tts;w;u7^M 3 3 ftRttfcctt 
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(9) 

15 

W«j«»o»SHa*7a:v»oT, A< A*y-f 3 3 \z 

Ha p 2= CCo (C-2+C-i - z" 1 -I 
(1 -a • z* 1 ) 

£Ts. fl*&c-a, c-i. c & , c*i, Coit $tm<o 
m&tmwz* (i) ~ (4) sc«*^T*3fc«icjwi ^ 

prc»ia=otu **a«©3iii*jtta««iiffufca 

Bt, Co <Dte£f3^T, *<D«fl«**t*«^ IP*>* 

+K«<0»^»i, 0S*.tfa = O. 50i:U -tcott^/h 
<*^»S\ BPS* Mfgfii^»^tt, W>Ltfa=0. 7 5 
ttSJl^^S. (13) 20 

mt. (6) B (7) *fc»^*?r«wjRttt»3{ts 

[0 0 5 0] XMfS*oeSI«pttW«Wfc«3 2 fcRfrfc 

ttttMRStMHii 7 4>fti, S2^xh 

7 CD I I R7-fWS«t*ft^*«, 
co«*«**Hfttr«Ci«*T**. «Atf, MR 30 

[0 0 5 1] x:7u#— y/ncwc, ISl, ?&2^u 
#— y;va>**»^fcov>Ttt«UT<*s*t, m&tm 

tiBU»o«*»o#xh*—y*ft***5ii 
«TCfc*. XAD2E&S 1 3 ©tfX/U >^ • ^< 3 > 

^<7>g«e&^ei§2 4^eC0>>D^^»I^15 ; -^c t 

i^^^Dy^^diK©^^ mraosBi, ^2 

[0 0 5 2] 



#5S¥4-2 4 9 4 2 9 

i$ 

flI««ft»3 2B. emSHap20»«r 1 fcB 

i) sttmicte-rs. ar&* 

z-' + Cm • z' 3 +C.2 • z"«) ] / 
- (1 3) 

ft«6fc«WBW*»flai7i:fc:J:D«WlU W 

^ * - * £*i5&»«3Wfc# 5 ^ b cd Ham* t R 

5 <z>* * a- H*i7fc*fl«t 

^T^iltic^-oTfe, A~F£x7coflg/J>£0*::£a* 

[0053] x^-r ^>^iasicav^T> *«^tt, *i 

7*4iAT^?a:V^ffi*«fc*V>Tli, ±T/6 

[0 0 5 4] XSGOTMHUi 6 £SSMP#raaJg»fcSg 
7 i:««*bfc«flS«4 (0 3 0E>CaSMPtt^K«ffiB3 

i) yu#-v;k ^-f>*-yju, *xh^j 

x«56«atai»fidB5o*y 

[0 0 5 5] X«»J*#7-<;W'30#— h«S§T 
CD ffl ^3 * A^J *7 W yiX 7 <4 )V2 ftRW-fc r t 

•»T«e:i«nir«i*D, xwWHiaWbBSo I 

[01] *K9!Ol(GBKnBT«d. 
[0 2] *»9H<D*l©*««wrn^i^HT?*«. 
[0 3] *5&W©»2 0*lB«^ay^BT?**. 
[04] **B©»3O3te»«0!)^nyirB'C**. 
[0 5] ^-^fiSlS/XyAroRWBTrfta. 
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[13 7] mmv>7oy#wz$>%. 

1 A-f^JyFW 

2 ADg»§g 
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3 jfi»jEK»7w;^ 
5 wzmmmzxm 

8 X3-^t>t7 
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